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Abstract
Building envelopes – the interface between the occupier of a building and the individual climatic conditions of
the environment – are the essential influencing factors for the energy consumption of a building. [1]
The dispute on different levels between each area, components, groups of components and materials, has
always been crucial for new and innovative approaches to solutions in architecture. Introducing new
components, minimalizing the load-bearing elements, the increase of building systems and most of all the
increased claims to energy efficiency and comfort in different climatic regions have led to highly sensitive
coating structures. To the occupier controlling the room temperature, integrating natural ventilation, an
adjustable control of daylight and the associated proportion between comfort and the yield of energy are
parameters of great importance. For this reason it is imperative that the impact of adaptive and autoreactive
systems is researched, analyzed and evaluated in both thermally controlled and uncontrolled areas of a
building. Based on the interdisciplinary experience of the compilers this aspect has been processed
deliberately. Systems which are already autoreactive and autosensitive will be selected on the basis of their
material and group of components and then evaluated on their application potential for modern façades [2].
The aspiration is the investigation and development of adaptive building envelopes, which can be adjusted
with the help of modern materials and inspired by affine technology to individual requirements of the occupier
[3]. Through this the aim is to find an optimal balance between the gain of energy, storage of energy, and
thermal comfort and to build a research pavilion which includes all those factors. Beside the energetic
optimization it is possible to align individual requirements of an occupier through integration of sensory
building accomplishments, and earlier movement algorithms can be tested and evaluated as to their
suitability with the help of the Arduinotechnic.
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1. Introduction
In a case study of the research “Adaptive Skins” at the Institute for Building Technology, Faculty of
Architecture at RWTH University, different materials and components have been investigated and evaluated
which should be used, analyzed and tested as to their suitability on following prototypes.
This project idea is a new approach of developing concepts for façades, whereby a close interdisciplinary
collaboration between engineering disciplines and material researchers is needed so that the façade can be
integrated as an active element into the building concept.
The study of the research group “Adaptive Skins” deeply impresses with its effectiveness in the area of
gaining energy and the use and storage of resources respectively. To perfect this approach it will be worked
parallel in two areas. The first is research and the second is production.
327
2. Research
In the first step, the potentials of existing materials and mechanisms were examined in depth and evaluated
as to their suitability [4]. At this juncture, materials for energy generation, energy conversion and energy
storage were specifically investigated.
Figure 1: NEC polymer battery [5]
In the second step, these systems were classified in a complex control system as a single group of
components, where they were tested as to their suitability in specific simulations and various case scenarios.
In the following test the revealability of single façade elements for gas exchange, and the adjustable control
of daylight and with this the glare shields for the interior, were investigated with the help of a Piezo-modulus.
The control of every single Piezo fiber takes place with a micro-controller, which has been woven into the
textile beforehand.
Figure 2: Opening process and adjustability [6]
Figure 3: Piezo-modulus closed [7]
With the third step the tested assemblies should be coordinated with the system and transmitted to
prototypes so that their appropriateness and procedures can be guaranteed.
This on the one hand should ensure that components are formed ideally aligned to one another, and on the
other hand the simulation evaluated results should be critically questioned and quantified. In this step the
actual notified research partners who are working in the industry are to be included in the process so that
they can support the project with their materials and experience. In addition, control techniques will be tested
and put in place.
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3. Production
3.1 Investigation Adaptive Skins_1
At the center is the development and investigation of autoreactive façade systems, which are especially
notable in terms of improvement of the total energy efficiency in buildings. Here in these systems usability of
resources and integration of sustainable material are getting the chance to optimize both objective functions,
the energy consumption and comfort of use of a building operation. In the first series of tests different drafts
and influencing factors were investigated on models. These analyses have shown that it is not only
interesting concerning the optimization of fuel and the optimized use of resources and the recovery of energy
respectively, but also adaptivity and autoreactivity have a direct effect on the comfort of interiors and hence
on the occupier.
Figure 4: Situation: Night [8] Figure 5: Situation: Day (low-lying sun) [9]
At mentioned above, coating the control of “sinews”, which are responsible for opening and closing the coat,
has been achieved by using a “hydrogel”-core. This core extends at a pre-defined temperature and contracts
again when it falls below it. The construction is additionally coated with a nanosolar foil in order to receive
energy yields out of sunlight. Here a translucent coating takes on the function of solar protection.
Since demands on current façades are placed on the highly sensitive coating structure, and also the load-
bearing elements in dynamic systems receive a special challenge and have to be the connecting piece of
particular components, these elements on the one hand have to meet their static load but on the other hand
have to include the dynamic movements of the building envelope. Therefore it is currently attempted to equip
materials (polymers and thermoplastics) through use of specific components (such as natural or synthetic
fiber) with these characteristics.
3.2 Investigation Adaptive Skins_2
The second series of tests was worked in parallel with multilayer façade modules, where the façade is
composed of three layers each with a different function. Following characteristics are assigned to each layer:
L1: The outer layer, which is exposed to weather and external demands, is covered with a special Lycra
textile in which every eighth fiber is photovoltaic. Every Lycra fiber contributes to internal stability and the
function of the textile. Each photovoltaic fiber contributes to the yield of energy.
L2: The middle layer is the installation layer, where batteries store the yielded energy and make it available
when needed for the electrical drive.
L3: The lower layer is luminescent and can light the interior for different applications when needed. Here, too,
fibers are woven in which are responsible for the basic illumination. The required energy can be taken out of
the batteries in the installation layer.
Since conventionally natural ventilation is not possible with this façade structure and from the energy
efficiency point of view it should not be controlled by the occupier, ventilation has to be controlled with the
help of intelligent building automatic. For this two magnetic rails are sewed into the upper and lower layer.
These are arranged in such a way that they trigger a chain reaction when hooked up to electric energy,
causing them to close and seal systematically with the help of a Teflon-laminated EPDM sealing tape. To
open the elements the electricity is disconnected from the rails, which enables the openings to unclose.
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Figure 6 (left): Status
closed (visualization)
Figure 7 (right): Status
opened (visualization)
Figure 8: Status closed (drawing) Figure 9: Status opened (drawing)
4. Conclusion
The demonstrated results of the first investigations into the range of “Adaptive Skins” function as proof of
concept and therefore lay an important foundation for further research and development. This is especially
so with the increasing demands (adding of functions, such as integration of several coating systems and
communication among these in a “Local Area Network”), plus the quantification of performance data
appearing in new aspects and problems which need to be solved in subsequent projects. However, in
regards to architecture and material research, advancement is not the only challenge. One of the central
fields of work is the accomplishment of homogenous test conditions and procedures, so a reliable
comparability of the systems can be guaranteed. The gathering of data (weather, sun position, daylight, etc.)
and intelligent and permanent control of actuators is also a pivotal question. The aim of the development of
further energetically autoreactive and adaptive coating structures is the symbiosis of computerized sensors
and actuators as a central architectonical building system, enabling a first step in the direction of energy self-
sufficiency.
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